INTRODUCTION
WITH the lengthening of the human span of life and the increase of the aged population there is a change in the character and importance of disease. With the control or abolition of infections and a variety of heretofore undiagnosed maladies, which used to terminate life at an earlier age, the insidious diseases of senescence are coming to the fore.-One of these is arteriosclerosis. As ophthalmologists we are interested in the sub-class, atherosclerosis, which may very well become the medical public enemy number one.
Atherosclerosis is not a generalized process but is manifested by local atheromatous lesions. There may be some dissemination but the distribution is confined to certain areas where there are curves and branching of blood vessels, as at the knee of the internal carotid artery, and where the vessels are restricted or fixed, as in the optic foramen. In these places the uniform flow of the blood stream is disturbed and eddies occur. These are favoured sites for both atherosclerosis and thrombosis.
Arteriosclerotic, or to be more exact atherosclerotic, optic atrophy is a definite entity. It should replace various terms such as pseudo-glaucoma, softand low-tension glaucoma. It is included in the so-called cavernous type of optic atrophy.
Symptomatology.-The individual with arteriosclerotic optic atrophy is past middle life. There is usually evidence of arteriosclerosis elsewhere in the body. The retinal vessels may show involvement, the mentality may be affected and other cerebral changes may be noted.
However, the chief complaint is of visual loss.
Ophthalmoscopic examination reveals optic atrophy of so-called primary type with pallor of the disc and cupping resulting from axon degeneration without gliosis or fibrosis at the papilla. The cup margin frequently shows depression and degeneration, the result of sclerosis of cilio-retinal vessels (a better term might be cilio-papillary vessels) from the circle of Zinn (Haller) giving the disc rim the appearance of atrophic shelving (Fig. 1 ).
This depressed flange surrounding the deeper cupping is of importance in diagnosis as it indicates sclerosis of cilio-retinal vessels as well as the probable involvement of the vessels up-stream, the ophthalmic and carotid arteries and their branches, which supply the optic nerves and chiasm. This sclerotic rim must be differentiated from the scleral crescent of developmental origin, of no clinical significance, and from other circumpapillary degenerative conditions.
In this discussion we are not interested in the other types of arteriosclerosis although hyperplastic arteriosclerosis or arteriolosclerosis may influence the production of atheromatous changes. Obliterative arteriosclerosis more closely resembles atheromatous arteriosclerosis as the intima is chiefly involved in both conditions. However, the obliterative type does not have the degenerative changes as seen in atheromas. Obliterative arteriosclerosis may be seen in the larger vessels at the papilla.
Pathology.-Post-mortem examination of the areas of involvement shows sclerosis of larger vessels with hypertrophy of the subendothelial layer between the intemal and elastic lamellk, diffusely localized or in patchy plaque formation. The elastic tissue is disorganized and atheroma develops with lipid, hyaline and calcium deposits. Neovascularization may give rise to heemorrhages within the atheroma. These lesions may be seen in the vessels at the papilla extending to the second bifurcation. The smaller vessels, including the cilio-retinal arteries, show proliferative endarteritis.
Ro. I.-Atherosclerosis with atrophic cupping of papilla, with atrophic rim.
The chiasm an4J optic nerves appear to become first affected in the vicinity of the involved blood vessels, the degeneration gradually extending in both directions, in a type of cavernous optic atrophy (Schnabel'scaverns).
The cupping of the optic papilla is probably the result of: 1. Atrophy and shrinking of axons. 2. Compensatory and pathologic (sclerotic) attenuation of blood vessels. 3. Recession of weakened lamina from the normal intraocular pressure.
Vascular anatomy.-Visual acuity and visual field loss in arteriosclerotic optic atrophy is produced by denied nourishment and/or destructive pressure on the optic nerves and chiasm. Occasionally the optic tract may be involved with delayed ophthalmoscopic evidence of optic atrophy.
I. Denied nourishment through arteriosclerosis may affect:
A. The optic chiasm and intracranial optic nerves which are supplied by the anterior portion of the circle of Willis, including the anterior cerebrals, anterior communicating and iternal carotids. The posterior cerebrals, middle cerebrals and anterior choroidal vessels supply the posterior chiasm and optic tracts.
B. The intra-canalicular and intra-orbital portions of the optic nerves are supplied by the ophthalmic artery and its branches, chief of which are:
(1) Retinal artery of questionable blood supply to the papilla excepting through small interstitial branches which anastomose with the cilio-retinal vessels.
(2) Numerous branches which invade the optic nerve through the septal system to supply the periphery of the nerve.
(3) Recurrent central artery, a branch of either the central retinal artery or a separate vessel from the ophthalmic which supplies the axial portion of the optic nerve.
(4): Short posterior ciliary arteries to the circle of Zinn (Haller) and thence as the cilioretinal vessels (cilio-papillary) to supply the optic papilla and surrounding area.
It might be mentioned here that the ophthalmic artery does not usually supply the intracranial portion of the optic nerve but runs subdurally and gives off no branches until it reaches the optic canal and orbit where it supplies the optic nerve. However, a normal intradural variation of the ophthalmic artery might supply the intracranial portion of the optic nerves.
I should like to mention some experiments Dr. Hunter and I performed in investigation of the blood supply to this area. This work was instigated by the occurrence on occasions, fortunately infrequent, when vision was irreparably lost following trapping operation for aneurysm in the chiasmal area. It was decided to determine the blood supply to this area. Both animal (macacus rhesus) and human material were used.
Yellow latex was injected through the carotid and basilar arteries into the cerebral vascular tree, after exsanguination and saline wash, with brain in situ. The vascular pattern was studied under the dissecting microscope. The procedure was more difficult in the case of human material because, during the short time elapsing between death and injection, post-mortem changes occurred which interfered with complete vascular filling.
From this study we determined that there was a rich supply or network of small nutrient arteries to the optic chiasm and intracranial optic nerves from the vessels mentioned above. We concluded that the neurosurgeon, inadvertently or of necessity, stripped away these fine vessels, thus interfering with proper blood supply to the intracranial nerves and chiasm even though there was adequate collateral circulation. Extreme caution on the part of the neurosurgeon must be exercised to prevent this occurrence.
II. Destructive pressure upon the axons may occur in: A. The chiasmal area from the large vessels which normally are in contact with the chiasm and terminating optic nerve (Fig. 2) . Differentiation of arteriosclerotic optic atrophy from other conditions having similar symptoms may be determined by history and examination. Roentgenological observation is of great importance, particularly skull films of the sellar area. In arteriosclerosis frequently calcium deposits are seen in the knee of the carotid artery and its vicinity. (Tumours may produce evidence of their presence by destruction or hyperplastic or other changes in the bony contour.) Arteriograms are of great importance. Occasionally ventriculograms and encephalograms may show cerebral degeneration, ventricular and cisternal changes. Measurement of retinal arterial pressure, as described by Bailliart forty years ago, is now being applied as an aid in determining the patency of the ophthalmic and carotid arteries. Further investigation may prove this test to be of great value in diagnosing arteriosclerosis as well as other conditions obstructing circulation and affecting the visual system.
The destruction of the axons in arteriosclerotic optic artery, by either pressure or denied blood supply, produces visual field loss which may be of some diagnostic importance if the lesion occurs in the carotid-chiasm area (Fig. 3 ). In this location nasal, binasal and altitudinal field loss, depending on the position of the vessels, may occur. This must be differentiated from the field loss produced by other lesions most frequently producing optic atrophy. They are: A. In the chiasmal area:
(1) Adenoma of the hypophyseal gland.
(2) Craniopharyngioma.
(3) Meningioma of the tuberculum selle.
(4) Internal hydrocephalus with dilatation of the optic recess.
(5) Aneurysm in adjacent vessels. There is a possibility that traction and pressure from opticochiasmatic arachnoiditis might cause mechanical as well as inflammatory damage to the nerve. The most characteristic field loss of hypophyseal adenoma in earlier stages is temporal or bitemporal; with craniopharyngioma there is no characteristic field loss; nor is there in aneurysm.
Meningioma of the tuberculum sellt may produce an altitudinal and temporal loss; internal hydrocephalus a bitemporal loss. B. In the optic foramen:
(1) Constriction of the bony foramen in osteitis deformans or Paget's disease, leontiasis ossea and hyperostosis frontalis interna may produce optic atrophy but the usual cause is from vascular involvement producing chorioretinal degeneration. Other types of bony constriction are found in the young, such as osteopetrosis (Albers-Schonberg disease) but are of no significance as they are hereditary congenital developmental anomalies.
(2) Dilatation of the bony foramen with compression of its contents by invading neoplasms may occur most frequently from meningioma in the aged individual. Dilatation frequently occurring from astrocytoma (glioma) of the optic nerve, neurofibroma and retinoblastoma are in a younger age group and are therefore not significant.
Atherosclerotic involvement within the optic foramen and along the course of the optic nerve usually produces sector field loss which is not characteristic. Arteriosclerosis of the recurrent central vessel may Produce central field loss which requires differentiation from _3 940 , NAME QA:TC ... I.E. r,.E, cerebro-macular degeneration from other causes, and from toxic and inflammatory conditions. It is quite possible, and most probable, that mechanical pressure from these various conditions may be exerted, not only upon the optic nerves and chiasm, but also upon the vessels nourishing these axons and thus interfere with an adequate blood supply, with resultant atrophy.
Determination of the intra-ocular tension is of importance as there is a similarity between arteriosclerotic optic atrophy and glaucoma in the appearance of the atrophic and cupped papilla. In order to eliminate the possibility of intermittent periods of ocular hypertension not present at the time of examination, facility of outflow should be determined and the angle examined with the gonioscope. It does not seem reasonable to assume visual damage with optic atrophy has occurred in individuals with normal intra-ocular pressure.
Vascular occlusion of the ophthalmic artery and/or internal carotid artery from thrombosis must be considered. This condition is usually-unilateral and in a younger age group than the arteriosclerotic, although atheromatous changes may induce the formation of thrombus. A relatively frequent location for thrombus is in the internal carotid artery above the bifurcation of the external carotid, up to and including, the ophthalmic artery. The symptoms vary according to age, extent of obstruction and location. If the collateral circulation through the circle of Willis and orbit is interfered with the condition is quite grave. As the internal carotid supplies the frontal, temporal and parietal lobes one may expect homonymous hemianopia or quadrantanopia. If the ophthalmic artery is obstructed complete ipsilateral blindness occurs unless there is adequate collateral circulation. In addition, hemiparesis and hemianaesthesia, headache, aphasia and other mental disturbances may be present. In this condition angiography is the most valuable aid to diagnosis. Ophthalmodynamometry may prove a significant adjunct.
Differentiation should be made from so-called temporal arteritis, a disease which should also include other arteries in various parts of the body. The ophthalmic artery and its branches are frequently affected. This condition occurs in elderly people with arteriosclerosis.
In arteritis there is cellular infiltration of the vessel walls with various stages of inflammation, frequently terminating in granulation and necrosis. Temporal and orbital swelling and tenderness are prominent features. In arteriosclerosis alone the degenerative process is less acute and the progress less rapid, without pain or fever, and with less marked symptoms of generalized vascular involvement.
Visual field loss in temporal arteritis is not characteristic. It may resemble any of the types found in arteriosclerosis. Ophthalmoscopic examination may reveal more activity in the fundus in arteritis, with heemorrhages and exudates in addition to vascular inflammation, and sclerosis with degeneration and atrophy. Phlebitis, and venous and arterial occlusion of the retinal vessels occur with relative frequency. TREATMENT As the etiology of atherosclerosis is not conclusively established treatment is far from satisfactory. It is believed that these atheromatous changes are the product of disturbed systemic lipid metabolism in which hypercholesterolkemia is a prominent feature.
Treatment must be directed toward prevention. Normal adjustment of blood lipids should be attempted. Control of systemic diseases such as hypertension, nephritis and diabetes is imperative. When diagnosed, anticoagulants are advocated (heparin and dicoumarol), vasodilators are used. Antibiotics may have a place if infection is suspected.
Prognosis depends, for a great part, on the adequacy of the collateral circulation to the circle of Willis and external carotid anastomoses.
DIAGNOSIS OF ARTERIOSCLEROSIS Diagnosis of arteriosclerotic optic atrophy can be supported by the following observations:
(1) The condition is found in elderly persons.
(2) Arteriosclerosis is present which may be suggested by the appearance of the retinal or choroidal vessels. Symptoms produced by arteriosclerosis elsewhere in the body may support the diagnosis.
(3) The optic papillk are pale and cupped and may be rimmed with a shelf of atrophy.
(4) The most typical visual field losses are nasal or altitudinal from involvement in the chiasmal area. Peripheral segmental loss, rarely concentric constriction or central scotoma, may be found with involvement of the optic nerves. These field losses are not characteristic and not necessarily of diagnostic value.
(5) Intra-ocular tension is normal. (6) Radiological studies reveal shadows in the knee of the internal carotid arteries in the sellar area. Arteriograms may reveal sclerosis of vessels supplying chiasm and optic nerves. Ophthalmodynamometry may determine reduced blood supply from vascular occlusion.
